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1
EXHAUST DUCT LINER ROD HANGER

BACKGROUND

The present invention related generally to gas turbine
engines, and more particularly to mechanisms for coupling
turbine exhaust ducts to liners.

Gas turbine engines operate at high temperatures and
pressures, necessitating structures that can operate under
extreme conditions. For example, 1 the exhaust section of
a gas turbine engine, high temperature exhaust gases are
often vented through a shaped liner. The liner section 1is
typically made of a matenial capable of enduring high
temperatures, and often incorporates cooling features such
as eflusion holes or slots. Nonetheless, such liners often heat
to several hundred degrees above ambient conditions, and
can deform due to thermal expansion and pressure loads.

As such, the liner has typically been separated from
structural components surrounding 1t using fasteners. These
structural components may, in combination with the liner,
form a cooling air plenum. Fasteners pass through cooling
air plena to connect liners to structural components.

Two known fasteners, disclosed in commonly-assigned
U.S. Provisional Pat. App. No. 61/764,785 (filed 14 Feb.
2013) and commonly-assigned U.S. Provisional Pat. App.
No. 61/766,444 (filed 19 Feb. 2013), incorporate T-bar
tasteners with shaft and crossbar portions. The shaft portion
of the T-bar passes through an aperture 1n a first spaced
component, and the crossbar portion of the T-bar 1s arranged
adjacent to a second spaced component. A bracket 1s coupled
to the second spaced component to capture the T-bar.

SUMMARY

A hanger 1includes a movable component and a bracket.
The movable component includes a shaft having a threaded
portion, a slider connected to the shatt, and a cap configured
to join with the threaded portion. The bracket defines a
racetrack aperture and an ingress/egress aperture. The race-
track aperture and the ingress/egress aperture are connected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a quarter sectional view that schematically
illustrates an example gas turbine engine.

FIG. 2 1s a perspective view of a hanger connecting an
exhaust liner to a duct.

FIG. 3 1s a cross-section of the hanger of FIG. 2 viewed
from line 3-3.

While the above-identified figures set forth embodiments
of the present disclosure, other embodiments are also con-
templated, as noted in the discussion. In all cases, this
disclosure presents the invention by way of representation
and not limitation. It should be understood that numerous
other modifications and embodiments can be devised by
those skilled 1n the art, which fall within the scope and spirit
of the principles of the mvention. The figures may not be
drawn to scale, and applications and embodiments of the
present invention may include features and components not
specifically shown in the drawings.

DETAILED DESCRIPTION

Exhaust ducts and liners of gas turbine engines are spaced
apart, with a cooling air plenum in between. Due to the
geometries of many common exhaust liners and ducts,
fasteming one to the other entails several technical chal-
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lenges. The hanger described herein 1s replaceable without
necessitating burdensome disassembly of the liner/duct
structure. No shims or rigging are required to use the hanger,
and the hanger 1s capable of operating in both tension and
compression modes. The fastener permits relative move-
ment between a duct and attached liner within suitable
limits. Such movement may be caused by thermal expansion
and/or parts tolerance. However, the fastener maintains a
desired distance between the duct and liner.

FIG. 1 schematically illustrates an example gas turbine
engine 20 that includes fan section 22, compressor section
24, combustor section 26 and turbine section 28. Alternative
engines might mclude an augmenter section (not shown)
among other systems or features. Fan section 22 drives air
along bypass tlow path B while compressor section 24 draws
air 1n along core tflow path C where air 1s compressed and
communicated to combustor section 26. In combustor sec-
tion 26, air 1s mixed with fuel and 1gnited to generate a high
pressure exhaust gas stream that expands through turbine
section 28 where energy 1s extracted and utilized to drive fan
section 22 and compressor section 24.

Although the disclosed non-limiting embodiment depicts
a turbofan gas turbine engine, 1t should be understood that
the concepts described herein are not limited to use with
turbofans as the teachings may be applied to other types of
turbine engines; for example a turbine engine including a
three-spool architecture 1n which three spools concentrically
rotate about a common axis and where a low spool enables
a low pressure turbine to drive a fan via a gearbox, an
intermediate spool that enables an intermediate pressure
turbine to drive a first compressor of the compressor section,
and a high spool that enables a high pressure turbine to drive
a high pressure compressor of the compressor section. It
should be further understood that the disclosed non-limiting
embodiment provides generally a ballistic barrier that is
suitable for many types of rotating or rotary machines as
known to those of ordinary skill 1n the art.

The example engine 20 generally includes low speed
spool 30 and high speed spool 32 mounted for rotation about
an engine central longitudinal axis A relative to an engine
static structure 36 via several bearing systems 38. It should
be understood that various bearing systems 38 at various
locations may alternatively or additionally be provided.

Low speed spool 30 generally includes inner shaft 40 that

connects fan 41 and low pressure (or first) compressor
section 44 to low pressure (or first) turbine section 46. Inner
shaft 40 drives fan 41 through a speed change device, such
as geared architecture 48, to drive fan 41 at a lower speed
than low speed spool 30. High-speed spool 32 includes outer
shaft 50 that interconnects high pressure (or second) com-
pressor section 52 and high pressure (or second) turbine
section 54. Inner shaft 40 and outer shaft 50 are concentric
and rotate via bearing systems 38 about engine central
longitudinal axis A.

Combustor 56 1s arranged between high pressure com-
pressor 52 and high pressure turbine 54. In one example,
high pressure turbine 54 includes at least two stages to
provide a double stage high pressure turbine 54. In another
example, high pressure turbine 54 includes only a single
stage. As used herein, a “high pressure” compressor or
turbine experiences a higher pressure than a corresponding
“low pressure” compressor or turbine.

The example low pressure turbine 46 has a pressure ratio
that 1s greater than about five. The pressure ratio of the
example low pressure turbine 46 1s measured prior to an inlet
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of low pressure turbine 46 as related to the pressure mea-
sured at the outlet of low pressure turbine 46 prior to an
exhaust nozzle.

Mid-turbine frame 58 of engine static structure 36 1s
arranged generally between high pressure turbine 54 and
low pressure turbine 46. Mid-turbine frame 58 further sup-
ports bearing systems 38 in turbine section 28 as well as
setting airtlow entering low pressure turbine 46.

The core airtflow C 1s compressed by low pressure com-
pressor 44 and then by high pressure compressor 52, mixed
with fuel and 1gnited 1n combustor 56 to produce high speed
exhaust gases, and then expanded through high pressure
turbine 54 and low pressure turbine 46. Mid-turbine frame
58 includes vanes 60, which are 1n the core airtlow path and
function as an inlet guide vane for low pressure turbine 46.
Utilizing vane 60 of mid-turbine frame 58 as the inlet guide
vane for low pressure turbine 46 decreases the length of low
pressure turbine 46 without increasing the axial length of
mid-turbine frame 58. Reducing or eliminating the number
of vanes 1n low pressure turbine 46 shortens the axial length
of turbine section 28. Thus, the compactness of gas turbine
engine 20 1s increased and a higher power density may be
achieved.

The disclosed gas turbine engine 20 in one example 1s a
high-bypass geared aircrait engine. In a further example, gas
turbine engine 20 includes a bypass ratio greater than about
s1X (6), with an example embodiment being greater than
about ten (10). The example geared architecture 48 1s an
epicyclical gear train, such as a planetary gear system, star
gear system or other known gear system, with a gear
reduction ratio of greater than about 2.3.

In one disclosed embodiment, gas turbine engine 20
includes a bypass ratio greater than about ten (10:1) and the
fan diameter 1s significantly larger than an outer diameter of
low pressure compressor 44. It should be understood, how-
ever, that the above parameters are only exemplary of one
embodiment of a gas turbine engine including a geared
architecture and that the present disclosure i1s applicable to
other gas turbine engines.

A significant amount of thrust i1s provided by bypass flow
B due to the high bypass ratio. Fan section 22 of engine 20
1s designed for a particular flight condition—typically cruise
at about 0.8 Mach and about 35,000 feet. The flight condi-
tion of 0.8 Mach and 35,000 ft., with the engine at 1ts best
fuel consumption—also known as “bucket cruise Thrust
Specific Fuel Consumption (‘TSFC’)"—is the industry stan-
dard parameter of pound-mass (Ibm) of fuel per hour being
burned divided by pound-force (Ibl) of thrust the engine
produces at that minimum point.

“Low fan pressure ratio” 1s the pressure ratio across the
fan blade alone, without a Fan Exit Guide Vane (“FEGV”)
system. The low fan pressure ratio as disclosed herein
according to one non-limiting embodiment 1s less than about
1.50. In another non-limiting embodiment the low fan
pressure ratio 1s less than about 1.43.

“Low corrected fan tip speed” 1s the actual fan tip speed
in it/sec divided by an industry standard temperature cor-
rection of [(Tram ° R)/518.7° R]"~>. The “Low corrected fan
tip speed”, as disclosed herein according to one non-limiting
embodiment, 1s less than about 1150 ft/second.

The example gas turbine engine includes fan 41 that
comprises 1n one non-limiting embodiment less than about
twenty-six fan blades 42 and fan case 43 surrounding fan 41.
In another non-limiting embodiment, fan section 22 includes
less than about twenty fan blades 42. Moreover, 1n one
disclosed embodiment low pressure turbine 46 includes no
more than about six turbine rotors schematically indicated at
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34. In another non-limiting example embodiment low pres-
sure turbine 46 includes about three turbine rotors. A ratio
between number of fan blades 42 and the number of low
pressure turbine rotors 1s between about 3.3 and about 8.6.
The example low pressure turbine 46 provides the driving
power to rotate fan section 22 and therefore the relationship
between the number of turbine rotors 34 in low pressure
turbine 46 and number of blades 42 1n fan section 22
disclose an example gas turbine engine 20 with increased
power transfer efliciency.

Augmentor 29 includes a duct and liner structure, as 1s
described 1n more detail with reference to FIGS. 2 and 3.
Exhaust gas passing through augmentor 29 1s extremely hot.
Surrounding the hot exhaust gas 1s a system including at
least one hanger 100, liner 102, and duct 104. Liner 102 and
duct 104 bound a cooling plenum P (FIG. 3), which can be
fed with working fluid at a lower temperature than the
exhaust gases from combustor section 26. For example, the
cooling air plenum may be fed with bleed air from com-
pressor section 24. Fluid routed through plenum P (FIG. 3)
can be used, through any suitable mechanism (e.g. diffusion,
cllusion, film, convective, and/or impingement cooling), to
help protect duct 104 and/or liner 102 from being damaged
by the exhaust gases from turbine section 28.

FIG. 2 15 a perspective view of an embodiment of hanger
100 connecting liner 102 to duct 104. As shown 1n FIG. 2,
liner 102 and duct 104 are broken away. Hanger 100
includes fastener component 105 (which includes cap 106,
shaft 108, and slider 110), and bracket 112. Bracket 112
captures slider 110 and couples hanger 100 to liner 102. FIG.
3 15 a cross-section of hanger 100 viewed from line 3-3 of
FIG. 2. The cross-section shown 1llustrates cavity 126 and
threaded portion 128, as well as the various portions of slider
110, including first platform 110a and second platform 1105,
and neck 110c¢, and their relationship with bracket 112
having thickness 130.

Hanger 100 can be coupled to liner 102 and duct 104.
Bracket 112 includes ingress/egress port 114 and racetrack
slot 116, which are connected apertures defined by bracket
112. Ingress/egress port 114 1s large enough to admit a
portion of shider 110 to pass through and be shid along
racetrack slot 116, as shown 1n FIG. 3. Bracket 112 also
includes connection interfaces 118, which are configured to
be coupled to an article arranged adjacent to bracket 112,
such as liner 102. In the 1llustrated embodiment, bracket 112
1s athxed to lmmer 102 at connection interfaces 118 by
welding, though other attachment mechanisms can be used
in further embodiments.

Hanger 100 1s also connected to duct 104. Cap 106 1s
positioned within cap aperture 120 that 1s defined by duct
104. A portion of cap 106 extends from aperture 120 on both
sides of duct 104. Cap 106 1s athxed to duct 104 using
fasteners 122. Fasteners 122 may be any known fastener,
such as bolts, rivets, screws, or welds. In some embodi-
ments, fasteners 122 are removable to permit hanger 100 to
be easily installed and uninstalled without causing damage
to hanger 100 or duct 104.

Slider 110 of hanger 100 1s positioned within racetrack
slot 116. Width 124 of slider 110 1s configured to be narrow
enough to allow slider 110 to slide along racetrack slot 116,
but wide enough to prevent rotation of slider 110 relative to
bracket 112. Furthermore, slider 110 1s positioned within
racetrack slot 116 of bracket 112 such that movement of liner
102 1n the direction towards or away from duct 104 would
also cause movement of shider 110.

The orientation of each hanger 100, and 1n particular the
orientation of bracket 112, can be selected such that during
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normal operation thermal expansion and/or pressure gradi-
ents cause liner 102 to shift relative to duct 104 along the
length of racetrack slot 116. Further, liner 102 may rotate
relative to duct 104, causing slider 110 to rotate and shaft
108 to be threaded either into or out of cap 106, depending
on the direction of rotation. Bracket 112 can be positioned
such that racetrack slot 116 1s aligned parallel to axis A, for
example 1n an embodiment 1n which liner 102 and duct 104
are frustoconical. In other embodiments, such as those in
which liner 102 and duct 104 are irregularly shaped (e.g.
with ellipsoid or snail-shell cross-sections), hanger 100 can
be arranged to permit limited displacement between liner
102 and duct 104 along a direction that varies based on
expected thermal growth at each position along liner 102.
Thus, 1n these non-uniform liner embodiments, racetrack
slot 116 will be aligned to account for thermal expansion and
other shifting caused by pressure gradients along liner 102
and duct 104.

Slider 110 can be integrally and monolithically formed
with shaft 108, which includes threaded portion 128.
Threaded portion 128 1s threadably connected to cap 106,
which 1s 1n turn connected to duct 104 via fasteners 122.
Thus, hanger 100 limits relative movement of liner 102
towards or away from duct 104. However, hanger 100 does
not prevent relative movement of liner 102 relative to duct
in other directions. For example, liner 102 may move
parallel to duct 104, such that slhider 110 slides along
racetrack slot 116.

During operation, duct 104 may not be heated as much as
liner 102, due to liner 102 being 1n closer relative proximity
to hot gases. Thus, 1t 1s desirable to provide one or more
hangers 100 that permit relative movement between liner
102 and duct 104 to accommodate different levels of thermal
growth. Plenum P 1s defined between liner 102 and duct 104
to permit for cooling air to pass, as previously described.
Multiple hangers (e.g. hanger 100) can be used to hold liner
102 within duct.

Bracket 112 has thickness 130. Slider 110 of hanger 100
1s arranged within racetrack slot 116. In the embodiment
shown 1n FIG. 3, first platform 110a 1s arranged along a first
plane, and second platform 1105 1s arranged along a parallel

plane. First plattorm 110a and second platiorm 11056 of

slider 110 are not small enough to pass through racetrack slot
116, but neck portion 110c¢ of slider 110 1s. Neck portion
110¢ 1s only slightly thicker than thickness 130 of bracket
112, such that thermal expansion of slider 110 and/or bracket
112 do not cause slider 110 to bind 1n racetrack slot 116.
Thus, slider 110 1s free to move along racetrack slot 116, as
indicated by arrow A. Overall height Y of shider 110 1is
greater than bracket height X, such that slider 110 cannot be
completely positioned between bracket 112 and liner 102.
Installation and uninstallation of hanger 110 can be
accomplished by athixing bracket 112 to liner 102. In one
embodiment, bracket 112 1s athxed to liner 102 by brazing
at connection interface 118. Slider 110 can then be nserted
into racetrack slot 116. Because slider 110 and shait 108 are
integrally formed, this result in shaft 108 extending away

from liner 102. Shaft 108 includes threaded portion 128,
which can be located at the opposite end of shait 108 from
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a range of positions of cap 106, the elongated structure of
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connect to shaft 108. Because cap 106 1s too large to
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completely pass through cap aperture 120, liner 102 1s now
coupled to duct 104 within a distance limited by hanger 100.

The gap between liner 102 and duct 104 defines a plenum
P through which cooling air can be routed. This gap may be
adjusted by threading or unthreading cap 106 from shafit
108. When liner 102 and shait 104 are at a desired distance

from one another, cap 106 1s attached to duct 104 by
fasteners 122, which also prevent relative rotation between

duct 104 and cap 106.

Cap 106 and shait 108 define cavity 126, which 1s a
hollow portion of cap 106 that 1s not filled by shaft 108. Cap
106 may rotate relative to shaft 108, which causes threading,
or unthreading of threaded portion 128 in cap 106, and
proportional increase or decrease 1n size of cavity 126. In
addition to allowing relative rotation of liner 102 and duct
104, cavity 126 also reduces the weight of hanger 100 as
compared to a solid device.

Slider 110 can be attached to cap 106 prior to inserting
slider 110 into racetrack slot 116. For example, fastener
component 105 of hanger 100 may be mserted after liner 102
and duct 104 have already been positioned at or near their
desired operating positions. Fastener component 105, which
includes slider 110, shaft 108, and cap 106, can be preas-
sembled and then inserted through cap aperture 120 together
as a single piece. Because cap aperture 120 1s elongated,
slider 110, shaft 108, and cap 106 may be imserted at a
variety of angles and lateral positions along cap aperture
120.

Slider 110 1s routed first through ingress/egress port 114,
then positioned along racetrack slot 116. Width 124 (FIG. 2)
1s the smallest dimension of slider 110, and 1s the only
dimension of slider 110 that will fit through racetrack slot
116. Thus, 1t 1s not possible to slide slider 110 onto racetrack
slot 116 1n an incorrect orientation. Furthermore, because
first platform 110a and second platform 1105 are too large
to {it through racetrack slot 116, once hanger 100 1s 1nstalled
it operates 1n both compression and tension modes. In some
locations, only tension mode 1s required, but in others,
particularly 1n serpentine ducts, both compression and ten-
sion modes are necessary to support liner 102 within duct
104.

The following are non-exclusive descriptions of possible
embodiments of the present invention.

A hanger includes a fastener component. The fastener
component includes a shaft having a threaded portion, a
slider connected to the shait, and a cap configured to join
with the threaded portion. The hanger also includes a bracket
that defines a racetrack aperture and an ingress/egress aper-
ture. The racetrack aperture and ingress/egress aperture are
connected.

The hanger of the preceding paragraph can optionally
include, additionally and/or alternatively, any one or more of
the following features, configurations and/or additional
components:

The slider may include a first platform, a second platform,
and a neck portion interposed between the first platform and
the second platiorm. The first platform may be configured to
fit through the 1mngress/egress aperture. The neck portion may
be configured to slidably fit into the racetrack aperture. A
width of the neck portion may be configured such that the
slider cannot rotate with respect to the bracket when posi-
tioned 1n the racetrack aperture. The hanger may also
include a fastener passing through the cap. The first platform
may extend along a first plane, the second platform may
extend along a second plane, and the first plane may be
parallel to the second plane. A distance between the first
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platiorm and the second platform may be greater than a
thickness of the bracket. The cap and the shait may circum-
scribe a cavity.

A fastening system includes a first component, a second
component arranged a distance from the first component, a
cap passing through a cap aperture defined by the first
component, and a fastener. The fastener includes a shaft
having a threaded portion, wherein the threaded portion 1s
joined to the cap, a slider connected to the shaft, and a
bracket connected to the second component. The bracket
defines a racetrack aperture and an ingress/egress aperture
that are connected, wherein the slider 1s configured to
slidably engage the racetrack aperture.

The fasteming system of the preceding paragraph can
optionally 1include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:

The first component may be a liner and the second
component may be a duct wall. The slider may include a first
platform, a second platform, and a neck portion 1nterposed
between the first platform and the second platform. The first
platform may be configured to fit through the ingress/egress
aperture, and the neck portion may be configured to slidably
fit 1nto the racetrack aperture. A width of the neck portion
may be configured such that the slider cannot rotate with
respect to the bracket when positioned in the racetrack
aperture. The fastenming system may also mclude a fastener
passing through the cap. The first platform may extend along
a first plane, the second platform may extend along a second
plane, and the first plane may be parallel to the second plane.
A distance between the first platform and the second plat-
form may be greater than a thickness of the bracket.

A method for connecting a first component and a second
component includes attaching a bracket to the second com-
ponent, the bracket defining a racetrack aperture and an
ingress/egress aperture that are connected, positioning a
movable component having a shaft and a slider such that a
first platform of the slider i1s routed through the ingress/
egress aperture, a second platform of the slider 1s not routed
through the ingress/egress aperture, and a neck portion of the
slider 1s positioned within the ingress/egress aperture, and
sliding the shider along the racetrack aperture such that a
neck portion of the slider 1s positioned within the racetrack
aperture.

The method of the preceding paragraph can optionally
include, additionally and/or alternatively, any one or more of
the following features, steps, configurations and/or addi-
tional components:

The method may include threading a cap onto threaded
portion of the shaft and inserting a fastener through the cap
and the first component. The cap may be positioned within
a cap aperture defined by the first component.

Any relative terms or terms of degree used herein, such as
“substantially”, “essentially”, “generally” and the like,
should be interpreted in accordance with and subject to any
applicable definitions or limits expressly stated herein. In all
instances, any relative terms or terms of degree used herein
should be interpreted to broadly encompass any relevant
disclosed embodiments as well as such ranges or variations
as would be understood by a person of ordinary skill 1n the
art 1n view of the entirety of the present disclosure, such as
to encompass ordinary manufacturing tolerance variations,
incidental alignment variations, alignment or shape varia-
tions induced by thermal, rotational or vibrational opera-
tional conditions, and the like.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
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skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereot without
departing from the scope of the mnvention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the mvention without departing
from the essential scope thereof. Therefore, 1t 1s 1ntended
that the invention not be limited to the particular embodi-
ment(s) disclosed, but that the mmvention will include all
embodiments falling within the scope of the appended
claims.

The mvention claimed 1s:

1. A hanger comprising:

a fastener component including;

a shaft extending along an axis and having a threaded
portion;

a slider connected to the shaft, the slider comprising;:
a first platform;

a second platform; and
a neck portion between the first and second plat-
forms; and

a cap configured to join with the threaded portion; and

a bracket that defines an aperture with an ingress/egress

port and a slot, wherein the slot and the 1ngress/egress

port are connected;

wherein the neck portion of the slider 1s configured to

slidably engage the slot such that the slider cannot

rotate about the axis with respect to the bracket.

2. The hanger of claim 1, wherein the first platform 1s
configured to fit through the ingress/egress port.

3. The hanger of claim 1, and further comprising a
fastener passing through the cap.

4. The hanger of claim 1, wherein:

the first platform extends along a first plane;

the second platiorm extends along a second plane; and

the first plane 1s parallel to the second plane.

5. The hanger of claim 4, wherein a distance between the
first platform and the second platform 1s greater than a
thickness of the bracket.

6. The hanger of claim 1, wherein the cap and the shaft
circumscribe a cavity.

7. A fastening system comprising;:

a first component;

a second component arranged a distance from the first

component;

a cap passing through a cap aperture defined by the first

component;

a Tastener component including;

a shaft extending along an axis and having a threaded
portion, wherein the threaded portion is joined to the
cap; and

a slider connected to the shaft, the slider comprising:
a first platform;

a second platform; and
a neck portion between the first and second plat-
forms; and

a bracket connected to the second component, the bracket

defining an aperture with an ingress/egress port and a

slot that are connected, wherein the neck portion of the

slider 1s configured to slidably engage the slot such that
the slider cannot rotate about the axis with respect to
the bracket.

8. The fasteming system of claim 7, wherein the first
component 1s a liner and the second component 1s a duct
wall.

9. The fasteming system of claim 7, wherein the first
platform 1s configured to fit through the ingress/egress port.
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10. The fastening system of claim 7, and further com- a second platform of the slider 1s not routed through the
prising a fastener passing through the cap. ingress/egress aperture; and

11. The fastening system of claim 7, wherein: a neck portion of the slider between the first and second

the first platform extends along a first plane; platforms 1s positioned within the ingress/egress

the second platform extends along a second plane; and > aperture such that the slider cannot rotate about the

the first plane 1s parallel to the second plane. axis with respect to the bracket;

12. The fastening system of claim 7, wherein a distance sliding. the slider ?10115 the aperture .sw::h that a neck
between the first platform and the second platform is greater portion of the slider 1s positioned within the aperture;

than a thickness of the bracket. and |
13. A method for connecting a first component and a 10 connecting the first component to the movable compo-

second component, the method comprising: nent.

attaching a bracket to the second component, the bracket 14. The method of claim 13, wherein connecting the first

defining an aperture with an ingress/egress port and a component 10 the movable component _COHlpfiS@S:
slot thagt are fonnected' - . P threading a cap onto a threaded portion of the shaft; and

positioning a movable component having a shait extend- 15 1nserting a fastener through the cap and the first compo-

ing al is and a slid ted to the shaft nent.
lslli%hat?llal’% Al RIS Al SUED CORLEEE 10 e S 15. The method of claim 14, wherein the cap 1s positioned

a first platform of the slider is routed through the within a cap aperture defined by the first component.
ingress/egress aperture; £k k% ok
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